lators and the mechanisms by which AR coregulators promote tumorigenesis remain unknown.
Four-and-a-half Lim 2 (FHL2) is a member of the LIM-only transcriptional coactivator family, and contains four-and-a-half LIM domains (13, 14) . A LIM domain is a cysteine-and histidine-rich domain composed of two tandem zinc-finger repeats that are important in protein-protein interactions and transcription (15) . FHL2 acts as a coactivator of several transcription factors, including AR (16) , cAMP response element binding protein (CREB) (17) , ␤-catenin (18), Wilms' tumor (WT1) (19) , and AP1 (20) . FHL2 does not bind DNA, but it possesses an intrinsic transactivation domain, is expressed in the prostate and interacts with AR in a ligand-dependent manner (16) , and its expression is deregulated in higher-grade prostate tumors (21) . However, the molecular mechanism by which FHL2 modulates AR transactivation remains unclear.
In this study, using a yeast-based two-hybrid screen, we identified that PELP1/MNAR interacts with FHL2. Using various biochemical assays, we also have shown that this interaction has physiological and functional consequences. Our results provide evidence that PELP1 modulates FHL2 transactivation and enhances FHL2 interaction with NRs, and its deregulation may have a role in prostate cancer progression.
RESULTS

PELP1/MNAR Interacts with FHL2
We used a yeast two-hybrid screen to identify PELP1/MNAR-interacting proteins. We found that the AR coactivator FHL2 interacted with PELP1/ MNAR after screening of 10 6 expression library transformants with the PELP1/MNAR N-terminal region [amino acids (aa) 1-400] as the bait. The specificity of the interaction between FHL2 and PELP1/ MNAR was confirmed using yeast cotransformation followed by a survival assay. Only yeast cells that were transformed with both PELP1/MNAR and FHL2, but not with either one alone, showed growth (Fig. 1A) , confirming the interaction of FHL2 and PELP1/MNAR in yeast. To further verify the interaction between FHL2 and PELP1/MNAR, we transiently cotransfected human embryonic kidney (HEK)293 cells with T7-PELP1/MNAR and Flag-FHL2. The immunoprecipitation results showed that PELP1/MNAR interacted with Flag-FHL2 (Fig. 1B ). An anti-PELP1/MNAR antibody could immunoprecipitate endogenous FHL2 from HeLa cell lysates, confirming the physiological association between endogenous PELP1/MNAR and FHL2 (Fig. 1C) . Confocal analysis revealed that PELP1/MNAR colocalized with FHL2, predominantly in the nuclear compartment (Fig. 1D ).
PELP1/MNAR-Interacting Regions in FHL2
To determine the PELP1/MNAR-interacting region in FHL2, we produced various deletions of FHL2. COS-7 cells were transfected with T7 epitopetagged PELP1/MNAR, and total lysates were incubated with glutathione S-transferase (GST) or various GST-FHL2 fusion proteins (aa 1-279, 1-162, and 163-279). A Western blot analysis of eluates from GST pull-down assays showed that the A, Yeast cells were transfected with a control Gal4-activation domain (GAD) vector or GAD-FHL2, along with a Gal4-DNA binding domain (GBD) vector or GBD-PELP1/MNAR. Growth was recorded after 72 h on selection plates lacking leucine and tryptophan (ϪLT) or adenosine, histidine, leucine, and tryptophan (ϪAHLT). B, HEK293 cells were transfected with T7-PELP1/ MNAR and Flag-FHL2. Immunoprecipitation was performed with a Flag antibody, followed by Western blot analysis with a T7 antibody. C, Nuclear extracts from HeLa cells were subjected to immunoprecipitation using a control IgG or a PELP1/MNAR antibody, followed by Western blot analysis using an FHL2 antibody. D, HeLa cells grown in 10% serum were fixed and costained with antibodies against PELP1/MNAR (green) and FHL2 (red). DNA is stained blue by Topro-3 (TOPRO). The images were analyzed by confocal microscopy. Colocalization of PELP1/MNAR and FHL2 is shown in yellow. IP, Immunoprecipitation.
C-terminal region of FHL2 that contains LIM domains 3 and 4 constituted the PELP1/MNAR-interacting domain ( Fig. 2A) . We then identified the FHL2-binding domain in PELP1 using a series of PELP1 deletion constructs that spanned the entire coding region of PELP1. GST pull-down assays with 35 S-labeled PELP1-constructs showed that FHL2 interacts with two binding sites in the N-terminal region of PELP1, one in aa 1-400 and the other in aa 401-600.
PELP1/MNAR Modulates FHL2/MNAR Transactivation
PELP1/MNAR acts as a coactivator of several NRs (2), and we wanted to determine whether it was a coactivator of FHL2-dependent transcription. Because FHL2 does not bind DNA but possesses an intrinsic transactivation domain, we used a Gal 5X -E1bTATA-luciferase reporter (G5E1b-luc) and the Gal4-FHL2 system (22) . As expected, cotransfection of Gal4-FHL2 led to A, Total cell lysates from COS-7 cells expressing T7-PELP1/MNAR were incubated with GST-FHL2 fusion proteins of various lengths, and the PELP1/MNAR binding region in FHL2 was analyzed with a GST pull-down assay. B, PELP1 peptides of indicated lengths were translated in vitro using the TNT system in the presence of [ 35 S]methionine, and their ability to bind GST-FHL2 was analyzed by GST pull-down analysis. C, PC3 cells were cotransfected with a Gal4-based Luc reporter (G5E1b-Luc), ␤-Gal reporter, Gal4-FHL2 with or without PELP1/MNAR. After 48 h, G5E1b-Luc reporter activity was measured. D, PC3 cells were cotransfected with G5E1b-Luc, ␤-Gal reporter and Gal4FHL2 with or without full-length or with serial deletions of PELP1/MNAR. After 48 h, G5E1b-Luc reporter activity was measured. In all the reporter gene assays parental vectors were used as controls and the total amount of the DNA in the transfections was kept constant by adding appropriate vectors. ␤-Gal values were used to normalize luciferase activity for transfection efficiency. Data shown are the means of Ϯ SE from three independent experiments performed in triplicate wells. *, P Ͻ 0.05. a 7-fold increase in Gal-reporter gene activity. Cotransfection of PELP1/MNAR with Gal4-FHL2 led to a 10-fold increase in GAL4-reporter gene activity, suggesting that PELP1/MNAR augments FHL2 transactivation (Fig. 2C ). PELP1/MNAR contains several domains, including a Src-binding domain, a LXXLL-rich domain, a proline-rich domain, a glu-rich domain, and a histone-binding domain (1-3) To identify the PELP1/MNAR domains involved in FHL2 transactivation, we performed Gal4-reporter gene assays using serial deletions of PELP1/MNAR (Fig.  2D) . PELP1 peptides encoding aa 1-886 but not aa 1-460, aa 1-774 contributed to FHL2-mediated transactivation. Curiously, transfection of PELP1 Nterminal fragments showed an inhibitory effect on the FHL2-mediated transcriptional activation. Because the PELP1 N-terminal region contains FHL2 binding site, overexpression of these fragments probably led to inhibition of FHL2 activity in a dominant-negative manner. Ability of PELP1 peptides containing aa 1-886 to promote FHL2 transactivation functions also suggest that PELP1/MNAR Cterminal region that contained a proline-rich region (aa 774-886) plays an important role in PELP1/ MNAR-mediated FHL2 transactivation functions.
PELP1/MNAR Enhances FHL2-Mediated Induction of Target Genes
FHL2 is a serum-inducible factor that plays a role in serum-mediated induction of genes including cyclin D1 (18, 22, 23) . We therefore examined whether PELP1 could enhance FHL2-mediated cyclin D1 promoter activity. Cotransfection of PELP1/MNAR with FHL2 synergistically increased cyclin D1 reporter gene activity (Fig. 3A) . PELP1 interacts with and activates c-Src kinase, which influences PELP1/ MNAR modulation of NR signaling (2) . We therefore analyzed the role of c-Src kinase in PELP1/MNARmediated FHL2 functions using c-Src-specific inhibitor PP2 and also by c-Src-specific shRNA. Treatment of cells with c-Src-shRNA reduced the expression of c-Src to 60-70% of the levels seen in control cells (Fig. 3C) . Inhibition of c-Src kinase by inhibitor PP2 (Fig. 3B) or down-regulation of c-Src expression by short hairpin RNA (shRNA) (Fig. 3 , C and D) reduced the ability of PELP1/MNAR to enhance FHL2 transactivation. Src inhibition by PP2 showed more significant effect of PELP1/MNARmediated transcriptional activation than c-SrcshRNA, and this could be due to incomplete inhibition of c-Src expression by shRNA. To further examine the role of PELP1/MNAR-FHL2 interactions in cyclin D1 promoter induction, we have repeated these experiments with NIH 3T3 cells. Reporter gene assays indicated that PELP1 and FHL2 act synergistically to up-regulate cyclin D1 promoter activity (Fig. 3E ). To confirm PELP1-FHL2 regulation of cyclin D1 protein expression, we have transiently cotransfected NIH 3T3 cells with green fluorescent protein (GFP) or GFP-tagged PELP1 along with or without FHL2. Western analysis results showed that PELP1 and FHL2 synergistically act to enhance serum-mediated cyclin D1 induction compared with FHL2 or PELP1 overexpression alone (Fig. 3F ). From these results we conclude that PELP1/MNAR plays an important role in serum-mediated induction of FHL2 target gene such as cyclin D1 and that c-Src plays an important role in PELP1/MNAR-mediated FHL2 transactivation functions.
PELP1/MNAR Enhances FHL2-Mediated AR Transactivation
FHL2 is a coactivator of AR (16), and the PELP1/ MNAR-FHL2 interaction may have a synergistic effect on AR-dependent transcription. We used an murine mammary tumor virus (MMTV)-Luc construct with AR response elements as a reporter of AR activation, and the synthetic androgen, R1881, as a ligand. Cotransfection of the MMTV-Luc reporter and AR with either FHL2 or PELP1/MNAR into PC3 cells enhanced ARmediated transactivation of MMTV-Luc (Fig. 4A ). No activation of MMTV reporter was observed by PELP1 or FHL2 when AR expression plasmid was not included in the transfection (Fig. 4B ), suggesting PELP1, FHL2-mediated MMTV activation requires functional AR. Cotransfection of PELP1/MNAR and FHL2 further potentiated AR transactivation, reaching synergistic levels. We then determined whether the truncated PELP1/MNAR mutant (aa 1-600), which contains the FHL2-binding domain but lacks the activation domain, could act as an inhibitor of FHL2-mediated AR transactivation. Cotransfection of the PELP1/MNAR-1-600 mutant inhibited FHL2-mediated MMTV-Luc activity ( Fig. 4C ), whereas cotransfection with PELP1/MNAR-800-1130, which lacks the FHL2-binding domain, had no effect on FHL2-mediated transactivation. Similarly, down-regulation of PELP1/MNAR expression by short interfering RNA (siRNA) also reduced the magnitude of AR transactivation by FHL2 (Fig. 4D ). PELP1-mediated up-regulation of FHL2 activity required functional cSrc kinase and could be inhibited by inhibitor PP2 (Fig.  4E ).
PELP1 Interacts with AR in the Nuclear Compartment
We next examined whether PELP1/MNAR modulate prostate-specific antigen (PSA) gene expression, an endogenous AR target gene, using LNCaP prostate model cell line, which expresses endogenous AR. PELP1/MNAR and FHL2 synergistically enhanced AR-mediated transactivation of PSA promoter activity (Fig. 5A) . Localization of PELP1 varies depending on the cell type (4); therefore, we determined the localization of PELP1/MNAR by subcellular fractionation in PC3(AR)2 cells (24) . PELP1/MNAR was predominantly localized in the nuclear compartment (Fig. 5B) , but some PELP1/MNAR was also seen in HeLa cells were cotransfected with a cyclin D1-Luc reporter with or without PELP1/MNAR and with or without FHL2. A, After serum starvation for 48 h, cells were stimulated with serum (10%) for 12 h, and luciferase activity was measured. B, After 48 h, cells were pretreated with an Src inhibitor PP2 (10 M, for 1 h) and then stimulated with serum for 12 h. C, Down-regulation of c-Src expression by shRNA was analyzed by Western analysis. D, At 24 h after transfection, indicated wells were infected with control or c-Src-shRNA-specific lentivirus. After 72 h of virus infection, cells were treated with or without serum, and luciferase activity was measured. In all the reporter gene assays parental vectors were used as controls, and the total amount of the DNA in the transfection was kept constant by adding appropriate empty vectors. ␤-Gal values were used to normalize luciferase activity for transfection efficiency. Data shown are the means Ϯ SE from three independent experiments performed in triplicate wells. *, P Ͻ 0.05 comparing PELP1ϩFHL2 activity vs. PELP1 or FHL2. **, P Ͻ 0.001 comparing PELP1 vs. PP2 or c-Src-shRNA. E, NIH 3T3 cells were cotransfected with a cyclin D1-Luc reporter, ␤-Gal reporter gene, with or without PELP1/MNAR and with or without FHL2. After serum starvation for 48 h, cells were stimulated with serum (10%) for 12 h, and luciferase activity was measured. F, NIH 3T3 cells were transfected with GFP or GFP-PELP1 vector along with or without flag-FHL2 vector. After 48 h cells were subjected to fluorescence-activated cell sorting for GFP expression. Equal number of GFP or GFP PELP1 sorted cells were cultured in duplicate plates. After 48 h, cells were treated with or without serum for 12 h and cyclin D1 levels were analyzed by Western blotting. Con-shRNA, Control shRNA.
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the cytoplasmic compartment. Ligand treatment did not change the localization of PELP1, but increased the distribution of AR in the nuclear compartment. To determine whether PELP1/MNAR interacts with AR in the cytoplasmic or nuclear compartments, we performed immunoprecipitation with an AR antibody. PELP1 interacted with AR in the nuclear compartment, and the interaction was enhanced by ligand treatment (Fig. 5C ). Immunoprecipitation of nuclear extracts from another AR-positive cell line (LNCaP) also confirmed that AR interacts with PELP1 in the nuclear compartment (Fig. 5D) . 1 h) , before ligand treatment. After 48 h, cells were treated with R1881 for 12 h, and luciferase activity was measured. ␤-Gal values were used to normalize luciferase activity for transfection efficiency. Data shown are the means Ϯ SE from three independent experiments performed in triplicate wells. *, P Ͻ 0.05 comparing PELP1ϩFHL2 activity vs. PELP1 or FHL2. **, P Ͻ 0.001 comparing FHL2 activation in the presence or absence of PELP1/MNAR siRNA. GAPDH, Glyceraldehyde-3-phosphate dehydrogenase.
PELP1/MNAR, AR, and FHL2 Form Functional Complexes in Vivo
We then examined whether AR, FHL2, and PELP1/ MNAR form a complex under physiological conditions. Our initial experiments with traditional immunoprecipitation techniques did not pull down this complex, indicating the complexes were transient or weak in nature. Therefore, we used formaldehydebased cross-linking to stabilize the complexes, followed by immunoprecipitation as described in Materials and Methods. A similar approach has been used to demonstrate the formation of complexes by transcriptional coactivators (25) . Western blot analysis of the immunoprecipitates showed the presence of FHL2 and AR in the complexes (Fig. 5E ).
Because PELP1/MNAR interacts with AR using LXXLL motifs (2) and acts as an adaptor protein, coupling several proteins to NRs, including Src, phosphatidyl inositol 3 kinase, and signal transducer and activator of transcription 3 (2, 4, 26), we wanted to determine whether PELP1/MNAR enhances the FHL2/AR interaction by serving as a molecular adaptor. To analyze this possibility, HEK293 cells were cotransfected with Flag-FHL2, AR, and with or without PELP1. FHL2-AR interaction was analyzed by immunoprecipitation. Ligand treatment promoted AR-FHL2 interaction (Fig. 5F, lane 2) . Interestingly, PELP1/MNAR overexpression further enhanced immunoprecipitation of AR with FHL2 (Fig.  5F, lane 3) . To validate the significance of these findings, we performed another FHL2 immunopre-
Fig. 5. PELP1/MNAR, AR, and FHL2 Form Functional Complexes in Vivo
A, LNCaP cells were cotransfected with a PSA-Luc reporter, with or without PELP1/MNAR and with or without FHL2. After 48 h, cells were treated with R1881 for 12 h, and luciferase activity was measured. *, P Ͻ 0.05. B, PC3(AR)2 cells were biochemically fractionated into nuclear and cytoplasmic extracts, and the total lysates were analyzed for PELP1/MNAR by Western analysis. Lamin B1 and paxillin were used as markers of the nucleus and cytoplasm, respectively. C, AR was immunoprecipitated from PC3(AR)2 cytoplasmic and nuclear lysates, and the presence of PELP1/MNAR in the immunoprecipitates was analyzed by Western blotting. D, LNCaP cells were treated with R1881, and nuclear extracts were prepared and subjected to immunoprecipitation with control IgG or AR antibody. The presence of PELP1/MNAR in the immunoprecipitates was analyzed by Western analysis. E, HEK293 cells coexpressing T7-PELP1/MNAR, Flag-FHL2, and AR were treated with 1% formaldehyde to stabilize the complexes, and cellular lysates were immunoprecipitated with T7 antibody. The presence of AR and FHL2 in the immunoprecipitates was analyzed by Western analysis. F, HEK293 cells were transfected with AR and Flag-FHL2 and with or without PELP1/MNAR. After 72 h, cells were treated with R1881 for 1 h, and the cell lysates were immunoprecipitated with a Flag antibody. The presence of AR in the immunoprecipitates was analyzed by Western blotting. G, HEK293 cells were transfected with AR and Flag-FHL2 with increasing amounts of PELP1/MNAR. After 72 h, cells were treated with R1881 for 1 h, and the cell lysates were immunoprecipitated with a Flag antibody. The presence of AR in the immunoprecipitates was analyzed by Western blotting. IP, Immunoprecipitation.
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Mol Endocrinol, March 2007, 21(3):613-624 619 cipitation assay using HEK293 cells that express varying levels of PELP1/MNAR. Increased expression of PELP1/MNAR enhanced the amount of FHL2 associated with AR in a dose-dependent manner (Fig. 5G) . However, overexpression of PELP1-600-1130 that lacks FHL2 binding site did not affect the interaction of AR and FHL2 (data not shown). Collectively, these results suggest that AR, PELP1/ MNAR, and FHL2 form functional complexes in vivo.
PELP1 Expression Is Deregulated in Prostate Tumors
To examine whether the expression of PELP1/MNAR is deregulated in prostate cancer, we determined the expression of PELP1/MNAR in human prostate cancer tissues using a commercially available AccuMax prostate tissue array with an affinity-purified PELP1/MNAR antibody (27) . Immunohistochemical analysis revealed that all the tumors analyzed had PELP1/MNAR-positive staining (n ϭ 40). PELP1/MNAR staining was predominantly localized in the nuclear compartment (Fig.  6 , A-C). However, there was a 2-to 3-fold increase in staining intensity in the PELP1/MNAR high-grade tumors (Gleason grade 7-9) compared with the nonneoplastic or low-grade tumors (Gleason grade 3-6) (Fig.  6D ).
DISCUSSION
In this study, we provide evidence, for the first time, that the NR coregulator, PELP1/MNAR, functionally interacts with FHL2. Our conclusions are based on the following observations: 1) FHL2 interacts with PELP1 in vitro and in vivo, and both proteins colocalize in the nuclear compartment; 2) PELP1 enhances FHL2-mediated transcriptional activity in Gal4-luciferase assays; 3) PELP1 and FHL2 synergistically enhance activity of multiple FHL2 target reporter genes; 4) knockdown of PELP1 or overexpression of the PELP1 mutant reduces FHL2-mediated transactivation; and 5) PELP1 enhances the interaction of FHL2 with nuclear receptors. FHL2 interacts with the N-terminal region of PELP1 (aa 1-600), which also has binding sites for Src kinase and other nuclear receptors, including signal transducer and activator of transcription 3, estrogen receptor, and AR, suggesting that PELP1 may facilitate a complex formation of FHL2 with other nuclear receptors or signal transducers. Further, FHL2 contains an autologous transactivation domain that functions as an activator in Gal-4-based luciferase assays, where PELP1 enhanced the transactivation potential of FHL2. The C-terminal praline-rich region (aa 774-886) in PELP1 is essential for PELP1-mediated enhance- (Gleason 7-9 ). Scoring was done as follows: weak/focal (1ϩ), moderate (ϩ2), and strong (ϩ3). *, P Ͻ 0.05. Non, Nonneoplastic. ment of FHL2 transactivation. Because this 112-amino acid region contains 19 SH3 motifs, four PDZ motifs, and three class IV WW domain motifs (which facilitates phosphorylation-dependent interactions), the PELP1-mediated FHL2 activation may also involve other cofactors via these protein-interaction motifs.
Initial studies suggested that FHL2 expression was tissue specific, with abundant expression in heart tissue (28) . Subsequent studies, however, have reported FHL2 expression in other tissues including the ovary, placenta, uterus, mammary gland, and adrenal gland (29) . FHL2 is highly expressed in prostate cancer tissues, and nuclear localization of FHL2 is associated with progression to a more malignant phenotype (16, 21) . Breast tumors express FHL2, and there is a significant correlation between FHL2 expression levels and the patient's survival. FHL2 interacts with estrogen receptors (30) and breast cancer susceptibility gene 1 (BRCA1) (31) . Similarly, PELP1 expression is deregulated in breast, endometrial, and ovarian tumors (6) , and the results from this study suggest that PELP1 expression may be up-regulated in highergrade prostate cancers.
Specific FHL2-binding proteins, such as PELP1, in a given cell may play a role in FHL2 function (29) . PELP1 is shown to play a role in chromatin remodeling (3) via its interactions with histones and histone-modifying complexes, including CREB-binding protein/P300 (1, 3) and histone deacetylase 2 (32). The predominant nuclear localization of PELP1, along with its interaction with FHL2, its colocalization with FHL2 in the nuclear compartment, and the immunoprecipitation of AR-PELP1 complexes from nuclear extracts strongly suggest that PELP1-mediated genomic functions might regulate FHL2 transactivation. Even though FHL2 interacts with AR in a ligand-dependent manner (16), it does not contain the NR interaction motif (LXXLL) often used by AF2 domain-interacting proteins. Because PELP1 contains 10 LXXLL motifs, PELP1 may stabilize the FHL2-AR interaction. PELP1 is widely expressed in hormonally responsive tissues, including testis, prostate, brain, mammary gland, and ovary (1). Because FHL2 is also expressed in these tissues, the PELP1-FHL2 interaction may have a functional role in these tissues.
FHL2 is present in multiple cellular compartments, including the cytoplasm, focal adhesions, and nucleus (33) . Serum and mitotic stimulation strongly increase FHL2 expression and induce its nuclear localization (20, 34) . FHL2 possesses an intrinsic activation domain but can be either an activator or a repressor of transcription. For example, FHL2 enhances transcription of AP1 (23), CREB (17) , and AR (16) but represses transcription of E4F1 (35) and FOXO1 (36) . The mechanism by which FHL2 activates/represses transcription of nuclear receptors is largely unknown. Because PELP1/MNAR is a coregulator of multiple nuclear transcription factors and interacts with both acetylates and deacetylases (6), the availability and localization of PELP1/MNAR in a given cell type may have implications for FHL2-mediated coactivation or repression.
AR signaling plays an important role in the progression of prostate cancer. Src kinases are required for androgen-independent growth and AR activation (37) . PELP1/MNAR was initially identified as an Src SH2 domain-binding protein (38) , and PELP1/MNAR can stabilize estrogen receptor interactions with Src kinase, leading to activation of the Src-MAPK pathway (2) . AR, PELP1/MNAR, and Src are constitutively complexed in prostate cancer model cells that exhibit androgen independence, and constitutive activation of the Src-MEK-1/2-ERK-1/2-CREB pathway is associated with the androgen independence phenotype (39) . Our results suggest that PELP1/MNAR-mediated FHL2 transactivation also requires functional Src kinase. Reduction of Src kinase expression using shRNA or inhibition with the Src kinase-specific inhibitor, PP2, reduced both PELP1/MNAR-mediated transactivation and its synergistic effect on FHL2 activity. Because PELP1/MNAR interacts with Src kinase and activates Src-MAPK pathways (2, 39) , the Src-MAPK-mediated regulation/modification of PELP1 or other associated cofactors may be required for PELP1 to function as a coactivator of FHL2. PELP1/MNAR also could function as a molecular adaptor, coupling FHL2, AR, and Src kinase, thus modulating prostate cancer progression and AR cross-talk with nongenomic pathways.
In summary, our results suggest that PELP1/MNAR interacts with and promotes FHL2-mediated transactivation functions, and that PELP1/MNAR expression is elevated in high-grade prostate tumors. Because PELP1 functions as a molecular adaptor, coupling FHL2 with AR, our findings suggest that deregulation of PELP1/MNAR in prostate cancer may alter AR-FHL2 coactivator complex formation. We speculate that increased AR-FHL2 complex formation by PELP1 overexpression may lead to enhanced AR signaling or sensitize cells to low levels of androgen, and thus, may facilitate the progression of hormone-refractory prostate cancer.
MATERIALS AND METHODS
Materials
HeLa, LNCaP, PC3, HEK293, Cos-1, and NIH 3T3 cells were obtained from the American Type Culture Collection and maintained in DMEM-F12 (1:1) supplemented with 10% fetal calf serum. The PC3 cells stably expressing wild-type AR [PC3(AR)2] were described previously (24) . PC3 (AR)2 cells were maintained in 5% dextran-coated charcoal-stripped serum. Antibodies against Flag (M2), vinculin, and actin were purchased from Sigma Chemical Co. (St. Louis, MO). Antibodies for the T7 epitope were obtained from Novagen (Madison, WI). Antibodies against AR were purchased from Upstate Biotechnology (Lake Placid, NY). 
Two-Hybrid Library Screening and Plasmid Construction
PELP1 bait was constructed by amplifying DNA corresponding to aa 1-400 via PCR and subcloning into Gal4-binding domain vectors (pGBD vector; CLONTECH, Mountain View, CA). pGBD-PELP1 (1-400) was used as a bait to screen a cDNA library fused to a Gal4 activation domain per manufacturer's instructions (CLONTECH). A total of 2 ϫ 10 6 clones were screened, and positive clones were isolated and sequenced. Positive clones also were verified by cotransformation using purified plasmids and by selection on agar plates lacking adenine, histidine, tryptophan, and leucine.
GST Pull-Down Assays
The GST pull-down assays were performed by incubating equal amounts of GST or GST-FHL2 deletions immobilized on glutathione-sepharose beads (Amersham Biosciences Corp., Piscataway, NJ) with 35 S-labeled, in vitro synthesized PELP1/MNAR peptides from various protein regions. The mixtures were incubated for 2 h at 4 C and washed six times with Nonidet P-40 lysis buffer. Bound proteins were eluted with 2ϫ sodium dodecyl sulfate buffer, separated by SDS-PAGE, and visualized by autoradiography.
Reporter Gene Assays
PC3 or HeLa cells were transiently transfected with 100 ng of T7-PELP1/MNAR, 100 ng of FHL2, and 300 ng of cyclin D1-luc using the FuGENE6 method (Roche Diagnostics Corp., Indianapolis, IN). After 16 h of transfection, cells were serum starved for 48 h by culturing them in medium containing 0% serum and then treated with 10% serum for either 5 or 10 min. For MMTV-and PSA-Luc arrays, cells were cultured in medium containing 5% dextran-coated charcoalstripped serum and, 48 h after transfection, cells were stimulated with the synthetic androgen R1881. The Gal 5X -E1bTATA-luciferase reporter (G5E1b-luc) and the Gal4-FHL2 system were constructed using HeLa cells as described elsewhere (16) . Cyclin D1-luciferase reporter (-1745-CD1-Luc) used in the study was described earlier (41, 42) . PSA-Luc vector used in the study contains 5.8-kb promoter region (Ϫ5834 to ϩ12 relative to transcriptional start site) in PGL3 vector (43) . Empty parental vectors were used in the reporter gene assays as controls, and the total amount of the DNA in the transfections was kept constant by adding appropriate empty vectors. A small aliquot of ␤-Gal reporter gene was also cotransfected along with all the reporter genes used in the study, and ␤-Gal values were used to normalize luciferase activity for transfection efficiency. Each transfection was performed in triplicate and repeated at least three times. At the end of the experiment, cells were lysed in passive-lysis buffer, and the luciferase assay was performed using a luciferase reporter assay kit (Promega Corp., Madison, WI). PELP1 siRNA and control glyceraldehyde-3-phosphate dehydrogenase siRNA were purchased from Dharmacon (Lafayette, CO). This PELP1 siRNA was used under conditions as described previously (26) . The shRNA vectors for c-Src were constructed as described previously (40) . The oligonucleotides encoding Src siRNA were 5Ј-TGGTGTCT TA ATACTGTCCTTTCAAGAGAAGGACAGTATTAAGACACCTT-TTTTC-3Ј and 5Ј-TCGAG AAAAAAGGTGTCTTAATACTGTC-CTTCTCTTGAAAGGA CAGTATTAAGACACCA-3Ј.
Immunoprecipitation and Cell Fractionation Studies
Cells were washed two times with PBS buffer, and cytoplasmic and nuclear extracts were prepared according to a previously described procedure (11) . Equal amounts of cytoplasmic and nuclear extracts were incubated with the AR antibody for 4 h at 4 C, and immunocomplexes were precipitated with protein A beads. The precipitated proteins were eluted with 2ϫ sodium dodecyl sulfate buffer and analyzed by Western analysis. For immunoprecipitation of AR, FHL2, PELP1/MNAR complexes, HEK293 cells were transfected with T7-tagged PELP1/MNAR, Flag-tagged FHL2, and AR expression plasmids. Cells were treated with R1881 for 1 h and cross-linked with formaldehyde. Sonicated lysates were subjected to immunoprecipitation with an anti-T7 antibody, de-cross-linked, and analyzed by Western blotting.
Immunofluorescence and Immunohistochemistry Studies
The cellular colocalization of PELP1/MNAR and FHL2 was determined by indirect immunofluorescence as described using HeLa cells (26) . A confocal scanning analysis was performed with a Zeiss laser-scanning confocal microscope (Carl Zeiss, Thornwood, NY) and immunohistochemical detection of PELP1/MNAR was performed as described elsewhere (41) An AccuMax prostate cancer tissue array was purchased from Petagen (http://tissuearray.petagen.com). The array slide was incubated with PELP1 antibody (1:500, Bethyl Laboratories). The sections were washed three times with 0.05% Tween in PBS for 10 min, incubated with secondary antibody, developed with 3,3Ј-diaminobenzidine-H 2 O 2 , and then counterstained with Mayer's hematoxylin. Negative controls were performed by replacing the primary antibody with corresponding IgG. The sections were scored by three evaluators blinded to the clinical status and were verified by a trained pathologist, Dr. Adel El-Nagger at University of Texas MD Anderson Cancer Center. The following web site has the list of all clinical parameters related to the samples used in the array http://tissuearray.petagen.com/ main/item_file/03.09.08_09.58.13_d41d8cd98f00b2/info.pdf.
